The development of new varieties of lupin, so-called "sweet lupinsˮ with low alkaloid (bitter substances) and high protein content has resulted in a renewed interest in utilization of lupin as source of proteins in human and animal nutrition. The nutraceutical potential of lupin can be applied in the prevention from various pathological states in humans; by suppressing appetite and affecting energy balance, by its positive effect on glycaemia and indicators of blood lipids, by its positive influence on hypertension and by improving defecation. In the field of animal nutrition, lupin seeds can positively affect both production indicators and the biological value of food of animal origin.
Significant nutrient and dietetic components
In the dry matter of seeds of lupin varieties approved in the Czech Republic (Lupinus albus, L. angustifolius, L. luteus) individual constituents are in a relatively wide range, depending on the variety and climatic conditions (Straková et al. 2006) : (g/kg) proteins 317.1-458.9, fats 52.2-125.8, fibre 101.2-154.2, nitrogen-free extract 285.9-436.5, starch 41.3-102.6, organic matter 951.8-966.2, ash 33.8-48.2, calcium 2.3-5.1, phosphorus 4.6-8.0, magnesium 1.4-2.5, and acid-detergent fibre 133.1-209.3.
Proteins and amino acids
The above mentioned implies a large difference in the chemical composition of individual seed varieties of the Lupinus genus. However, it is important that lupin seeds are characteristic for its high content of proteins, in yellow varieties it largely exceeds the protein content in soybeans. Compared to soy protein, the amino acid composition is characterized with a low content of methionine, cysteine, lysine, threonine, and tryptophane, while the arginine content is significantly higher (Suchý et al. 2006a,b; Stanek et al. 2006) . High arginine content is characteristic for lupin protein.
Polysaccharides
The main component of polysaccharides is non-starch polysaccharides which are excellent sources of food fibre with a high water binding capacity. Compared to other legumes, lupin seeds contain more dietetically beneficial crude fibre. The proportions of insoluble and soluble fibres are 21.5% and 2.2%, respectively, in the dehulled lupin seed, and 86.2% and 1%, respectively, in the hull (Johnson and Gray 1993) . Lupin fibre has the capacity to decrease cholesterol level, to improve peristalsis and to reduce the time of passage of the intestinal content through the digestive apparatus. In the seeds of lupin varieties grown in Europe, the content of crude fibre is from 94.4 to 142.0 g/kg, aciddetergent fibre from 124.2 to 192.2 g/kg and it is higher compared to soybean (Straková et al. 2006 ).
Fats and fatty acids
Compared to soybeans, lupin seeds grown in Europe have a significantly lower content of fat, ranging from 52.2 to 125.8 g/kg (Straková et al. 2006) in the original matter of the monitored varieties. As regards white lupin of Amiga variety, the authors (Zralý et al. 2008; Písaříková and Zralý 2009) found out a fat content of 107.7 g/kg. In Butan variety, the content in a whole or dehulled seed is 79.1 and 102.3 g/kg of dry matter. Lupin seed oil is a rich source of unsaturated fatty acids such as oleic and linoleic acids (up to 80%) (Yanez et al. 1983) . From the nutritional point of view, lupin oil has a very favourable ratio of ω-3 to ω-6 fatty acids. On the basis of our own analyses within the individual varieties registered in the Czech Republic, it ranges from 1:1.7 to 10.8.
Macro-elements, micro-elements, and vitamins
The calcium content in original matter in lupins grown in Europe ranges from 2.1 to 4.7, the phosphorus content from 4.3 to 7.2, the magnesium content from 1.2 to 2.2 g/kg, the potassium content from 8.6 to 11.1, and the sodium content from 0.1 to 0.2 g/kg (Zeman et al. 1995) . A high manganese content (896 mg/kg) was detected in L. albus.
Fortification of lupin in ferritin may be a way to obtain a good source of iron in the diet. Lupin seeds compared to other plants, have an enormous tolerance to the presence of iron in their growing environment. The experiments conducted confirmed the stability of obtained plant ferritin in some food products, such as pastas and extruded and bakery products (Zielinska-Dawidziak 2015) .
Lupins contain an average amount of carotenoids: β-carotene, lutein and zeaxanthin, tocopherols and other bioactive components with a stimulating potential. An interesting component of the lipidic fraction of lupin is lupeol, triterpene alcohol having an effect on improving the renewal of epidermal tissue (Msika et al. 2006) . Using a microbial biosynthesis, it is possible to increase the content of vitamin B12 in lupin meal (ChandraHioe and Arcot 2015).
Anti-nutritional substances
Compared to bitter varieties, the proportion of anti-nutritional substances (quinolizidine alkaloids) in the newly developed sweet varieties of lupin decreased substantially and they are only present there in trace amounts. Therefore the seeds of sweet varieties and the products made out of them can be considered suitable for human consumption and also for feeding ruminants and mono-gastric animals (Aniszewski et al. 2001) .
The effect of ensiling moist field bean (Vicia faba), pea (Pisum sativum) and lupin (Lupinus spp.) grains on the contents of alkaloids, oligosaccharides and tannins was studied by Gefrom et al. (2013) . As an overall effect, lactic acid fermentation reduced the content of tannins and oligosaccharides. As mentioned by Green et al. (2012) , hemlock (Conium maculatum), lupin (Lupinus spp.) and tabacco (Nicotiana tabacum) contain teratogenic piperidine alkaloids. Piperidine alkaloids are acutely toxic to adult livestock species and produce musculoskeletal deformities in neonatal animals. These teratogenic effects include multiple congenital deformities in cattle, pigs, sheep, and goats.
Alkaloids present in blue lupin (Lupinus angustifolius) given to rats at several concentrations (0.36, 0.41, 0.56 mg/kg) for a period of 28 days reduced the feed intake and significantly reduced the growth of experimental rats compared to the control group. The final weight of the control was 188.6, while those of the experimental groups were 135.2, 134.1, and 130.4 g (Stanek et al. 2015) .
Utilization of lupin in human nutrition
Nutraceutical potential of lupin Foods enriched with lupin have a nutraceutical potential ("nutraceutical" is a term created by combining the word "nutrition" and "pharmaceutical"), i.e. they have a positive effect on health and prevention (treatment of diseases):
• causing feeling of satiety (appetite suppression) and affecting the energy balance, • favourably affecting glycaemia, • improving the levels of blood lipids, • having a positive effect on hypertension, • improving defecation.
Pharmaceutical and nutraceutical companies regard some lupin components as strategic molecules for prevention and possibly even therapy of various pathological states including the metabolic syndrome (a collective name for a simultaneous occurrence of abdominal obesity, increased triglyceride level, decreased HDL cholesterol concentration, hypertension, and hyperglycaemia (fasting), which is typical of rich countries and is included in the so-called civilization diseases (Duranti 2006) .
The limited number of studies reporting the effect of lupin foods on metabolic syndrome risk factors have revealed some potentially health-protective effects. Further evidence from long-term human studies in those with metabolic syndrome such as the obese, insulinresistant/type 2 diabetic, hypercholesterolaemic and hypertensive is now required to substantiate the metabolic benefits of lupin consumption (Hodgson et al. 2015) .
Influence of diets supplemented with soy, flaxseed and lupin products treated by lactofermentation on improving the gut health of Wistar rats was studied by Bartkiene et al. (2013) . This study proposes the contribution of lactic acid bacteria and plants rich in bioactive substances and high-quality proteins as alternative products for human diets in improving the gut environment as potential protection against pathogenic bacteria. The effect of diets supplemented with soy, flaxseed and lupin flours fermented with the Pediococcus acidilactici KTU05-7 probiotic strain in the gastrointestinal tract (GIT) of Wistar rats was analyzed. In vivo experiments showed a positive effect of long-term lactofermentation of plant material on the body weight of rats. Diets with fermented yellow lupin resulted in enhanced activities of α-glucosidase and β-galactosidases. High contents of lactic acid bacteria, bifidobacteria and enterococci in the GIT were also determined. Lactofermentation of analyzed plant products had a significantly lowering effect on Escherichia coli compared to the control group. The dominant flora of large intestines such as Bifidobacterium and anaerobic cocci were found in high levels after diets with fermented lupin. Bouchenak and Lamri-Senhadji (2013) state that legumes (lupins, green beans and peas, peanuts, soybeans, and others) represent an important component of the human diet in several areas of the world, especially in the developing countries, where they compensate for the lack of proteins from cereals, roots, and tubers. The physiological effects of different legumes vary significantly. These differences may result from the polysaccharide composition, in particular the quantity and variety of dietary fibres and starch, protein, and variability in the phytochemical content. The majority of legumes contain phytochemicals: bioactive compounds, including enzyme inhibitors, phytohaemagglutinins (lectins), phytoestrogens, oligosaccharides, saponins, and phenolic compounds, which play metabolic roles in humans who frequently consume these foods. Dietary intake of phytochemicals may provide health benefits, protecting against numerous diseases or disorders, such as the coronary heart disease, diabetes, high blood pressure and inflammation. The synergistic or antagonistic effects of these phytochemical mixtures from food legumes, their interaction with other components of the diet, and the mechanism of their action have remained a challenge with regard to understanding the role of phytochemicals in health and diseases.
Short-time effect on satiety (appetite suppression) and on the energy intake Bread enriched with lupin seed meal may decrease appetite for a short time and, compared to white bread, the plasmatic response of ghrelin changed considerably, which was in accordance with the observed short-time effect on satiety and energy intake (Lee et al. 2006) . Incorporation of lupin seed fibre in processed foods resulted in the feeling of satiety for a period of up to 4.5 h after eating and in approximately 15% lower energy intake during the tested day (Archer et al. 2004 ). There is evidence that a diet with a high content of proteins compared to a diet with a high content of sugars, or a diet with a high content of fibre compared to a diet with a low content of fibre, fills more and has an effect on decreasing the food intake.
Cardiovascular disease prevention
The grown varieties of "sweet" lupins have very low allergenicity and a positive effect on prevention of cardiovascular diseases, which contributes to the development of their food utilization. The consumption of lupin proteins beneficial to health was examined in animal models and in clinical studies. Compared to control animals, the proteins of white and narrow-leaved lupin administered to rats resulted in significantly lower levels of both plasmatic cholesterol and triglycerides. In rabbits with atherosclerosis, compared to the control group fed with casein, the proteins of white lupin reduced the occurrence of atherosclerotic lesions. Whole lupin seeds administered to chickens (Viveros et al. 2007 ) and pigs (Martins et al. 2005) proved reduction in cholesterol. Apart from that, the isolates of lupin proteins and fibre may also reduce lipids in serum. In rats, the protein lupin isolates substantially decreased the total cholesterol concentration by 21% (Sirtori et al. 2004 ). In humans, adding 17 to 30 g of fibre of lupin fibre isolate per day reduced the concentrations of total and LDL cholesterol by approximately 5% (Hall et al. 2005) . The effect of lupin on decreasing cholesterol was proven also in a pilot clinical study which indicated a possible effect on blood pressure reduction.
By adding lupin protein isolates to the diet of different animal models of hypercholesterolaemia, such as the rat, rabbit, hamster and pig, significant decreases of total and non-HDL cholesterol were observed. These results are confirmed by clinical trials, with the limitation that only those involving hypercholesterolaemic subjects and based on improved lupin foods give significant total and/or LDL-cholesterol reductions . Kapravelou et al. (2013) also proved the favourable action of lupin protein hydrolyzate, combined or not with lupin insoluble fibre. The protein hydrolyzate was effective in reducing plasma and hepatic triglycerides and showed promising effects on glucose metabolism as well as protection against dietary-induced renal alterations. Lammi et al. (2014 Lammi et al. ( , 2015 state that their findings indicate that peptides obtained from the hydrolysis of lupin proteins are able to interfere with the 3-hydroxy-3-methyl-glutarylCoA reductase activity. Immunoblotting experiments showed that the treatments with lupin peptides induce an up-regulation of the sterol regulatory element binding protein 2 (SREBP2) protein level and consequently to the up-regulation of the LDL receptor. From a functional point of view, the increase of LDL receptor proteins leads to an increase of the Hep G2 (a human liver carcinoma cell line) cells ability to up-take LDL with final hypocholesterolaemic effects.
Bouchenak and Lamri-Senhadji (2013) in their review provide an overview of the nutritional quality of legumes (including lupin) and their potential contribution in cardiometabolic risk prevention.
Blood pressure
An increase in the content of proteins at the expense of refined sugars in the diet may have a favourable influence on blood pressure. A study using the hypertension model in the rat sensitive to salt has shown that lupin proteins may mitigate the development of hypertension and improve endothelial functions (Pilvi et al. 2006) . Lupin proteins have a relatively high content of arginine which is the precursor of the nitrogen oxide synthesis. A decrease in blood pressure may be caused by improving the vessel tonus caused by nitrogen oxide -a strong endothelial relaxation factor. However, it is difficult to speculate about mechanisms if several factors (proteins, sugars, fibre) are changed simultaneously in a diet.
Increased dietary fibre may have a favourable influence on a blood pressure decrease. Many of the experimentally verified studies monitored the effect of an increasing fibre intake on blood pressure. The meta-analyses of these experiments found that an increase in fibre intake by > 10 g/day was connected with a decrease of systolic and diastolic blood pressure by 1 to 1.5 mm Hg (Streppel et al. 2005; Whelton et al. 2005 ).
Luteins in lupin and central macula degeneration
The studies performed show that lutein, which is found in the macula to large extent, probably filters short or blue light wavelengths. The studies performed in this field indicate that blue light causes oxidation stress and results in producing free radicals which damage the macula. People with a low carotenoid level in blood, mainly lutein and zeaxanthin, show a higher probability of the development of age-related macular degeneration (AMD). Protection in the form of lutein and zeaxanthin is probably connected with their capacity to filter shorter light wavelengths and with their anti-oxidation activity. Lupins are known as a rich source of lutein and this lutein can be a suitable diet component which delays the start and slows down the development of the consequences of AMD. Lutein does not cure AMD, but it can affect the progression of this disease (Fryirs et al. 2008 ).
Bowman-Birk serine-proteinase inhibitor
An example of biologically active proteins from lupin seeds is identification of the Bowman-Birk serine-proteinase inhibitor (Scarafoni et al. 2008) , unlike some of the previous papers which excluded the presence of this remarkable protein molecule. The interest in proteins of this group is related to their proven effects in many pathological processes connected with inflammatory states including cancer, skeletal muscular atrophy, angiogenesis, rheumatoid arthritis, neurodegenerative and cardiovascular diseases.
Glucose and insulin metabolism
Also the presence of gamma-conglutin protein has been proven in lupins. It has been demonstrated on animal models that depending on the pharmacological dose gammaconglutin decreases the glucose level in blood . The most significant effect was observed at a concentration comparable with a half dose of metformin, a wellknown medicine to decrease the glucose level. Clinical studies are currently under way which should confirm this activity in humans. This is confirmed also by Garzón-de la Mora et al. (2015) , who stated that Lupinus albus gamma-conglutin decreased glucose in healthy subjects and type 2 diabetes mellitus patients.
Schopen et al. (2015) studied short-term effects of lupin versus whey protein on glucose and insulin. The results conclude that lupin and whey protein can lower the increase of postprandial blood glucose levels to nearly the same extent, suggesting that lupin protein can be used as a valuable alternative to whey protein in reducing glycaemia. However, their insulin responses seem to be different.
Lupin protein extract was proven to be × 10 more potent than the standard antidiabetic drug. The work of Agrawal et al. (2015) formed a basis for developing scalable and selective extraction process for bioactive gamma-conglutin with high yield and purity from lupin as a potential anti-diabetic oral health supplement.
Anti-oxidation properties of lupin
There is evidence that reactive oxygen including free radicals may lead to peroxidation of fats and oxidative stress which damages biological structures such as proteins, lipids and DNA. This results in body ageing and chronic diseases. The body has its own anti-oxidation system and resists free radicals using certain enzymes. The intake of antioxidants in food probably strengthens the protective anti-oxidation system of the body. Anti-oxidation properties are known in red wine, fruit, vegetables, and spices. The anti-oxidation capacity differs in individual species and varieties of lupin. Lupinus luteus, cultivar Pootalong, L. microcarpus and L. angustifolius, cultivar Kalya showed a stronger anti-oxidation activity than other species and cultivars (Wang and Clements 2008) .
Allergenic potential of lupin
Allergic reactions have been observed after swallowing or inhaling lupin seed proteins. It is unclear what the lupin allergy occurrence is in the population, but it seems to be low. An interesting aspect is the cross reactivity of serum in patients sensitive to peanuts with lupin proteins and to proteins of other legumes. There are estimations that 30% (MoneretVautrin et al. 1999) or 4% (Shaw et al. 2008 ) of individuals allergic to peanuts react also to lupin. The inclusion of lupin in the European list of allergenic food components, which is compulsory to be marked on food packages, indicates the need for further research in this field.
The impact of thermal processing on legume allergens was studied by Verma et al. (2012) . Thermal processing of legumes may reduce, eliminate or enhance the allergenic potential of a respective legume; in most of the cases, minimization of the allergenic potential upon thermal treatment has generally been reported.
The above-mentioned overview of using lupin in human nutrition has shown that lupin seeds and their products have mainly favourable dietetic effects on human body. Therefore, in some countries such as Australia they are very much appreciated and commonly offered in shops with other legume species.
Using lupin in animal nutrition
The mentioned nutraceutical properties verified in humans may take a secondary effect when including lupin seeds also in animal nutrition. Nevertheless, in animals the production efficiency or the impact on the biological value of food of animal origin is in the foreground.
Using lupin in ruminant nutrition
The possibilities of using lupin in the feed rations of milk cows and in the fattening of bullocks are summarized by Homolka et al. (2008) . Inclusion of lupin seed meal in the feed rations for high-utility milk cows assumes crushing and flaking of seeds and their inclusion in the feed mixture for bullocks up to 30% (0.5 kg/100 kg of live weight)), for milk cows up to 20% (0.4 kg/100 kg live weight). Their advantage is that unlike soybeans, they need not be heat treated. Depending on the lupin variety, the degradability of lupin seed protein in rumen ranged from 71 to 79%. The lipidic component of lupin has a favourable effect on the milky efficiency and milk fat and changes in the concentration of fatty acids with long strings in milk are positive from the viewpoint of human nutrition. Cattle can use even whole fodder plants as fresh fodder or ensilage. Lupin is an alternative to soy.
In sheep, Somchit-Assavacheep et al. (2013) monitored the effect of short-term nutritional supplementation with lupin grain (Lupinus luteus) on folliculogenesis, concentrations of hormones and glucose in plasma and follicular fluid. The numbers of follicles were increased in the lupin-fed group, glucose and insulin levels were also higher.
Production efficiency of lupin in pigs
Data on the effect of lupin on production efficiency in pigs are not homogenous. Reduced feed intake and growth of pigs fed a diet containing 150-430 g/kg of L. albus seeds have been reported by Zettl et al. (1995) . At a 30% inclusion of white lupin in the feed mixture, they found a reduced feed intake, lower conversion of nutrients, and growth depression, while they did not observe a positive effect of dehulling and supplementation with amino acids. Conversely, in pigs fed a diet with L. angustifolius (410 N substances g/kg of diet), compared to a barley-and soy-based diet, Gdala et al. (1996) did not observe growth depression. Positive results with yellow lupin of the Juno variety were also achieved by Flis et al. (1996) . The nutritional value of diets with various contents of cultural lupins (L. angustifolius and L. albus) in fattened pigs were studied by Zralý et al. (2008; who proved that the animal protein or soybean could be completely replaced by lupin in the diet for fattened pigs provided that the limiting amino acids were balanced and the nutritional value was increased by fat supplementation and dehulling. No anti-nutritional effect was observed in the used representation of lupins in experimental diets.
Effects of feeding finisher pigs with chicory or lupin feed for one week or two weeks before slaughter with respect to levels of Bifidobacteria and Campylobacter were studied by Jensen et al. (2013) . This study showed that even a short-term alternative feeding strategy with probiotics in the diet of pre-slaughter pigs elicited changes in the composition of the intestinal microbiota, where lupin increased the level of bifidobacteria in the caecum and reduced the Campylobacter spp. excretion level after one week.
Production efficiency of lupin in poultry
The inclusion of lupin seed in feed mixtures for broilers at a lower concentration (starter 15.5%; grower 12.8%; finisher 8.7%) did not have a negative effect on efficiency indicators and selected carcass indicators. Lupin seed can replace soy extracted meal to ensure the need of both proteins and energy provided that the amino acids of methionine, lysine and threonine are balanced (Suchý et al. 2006a ). The inclusion of lupin seed meal in feed mixtures for broilers did not have a negative effect on the chemical composition of breast and femoral musculature. Unlike the control group, in the experimental group of chickens taking lupin the proportion of n-3 and n-6 fatty acids in breast and femoral musculature narrowed, both in pullets and cockerels, which is a proof of an increased dietetic value of musculature.
On the other hand, replacement of soybean meal with yellow lupin seed meal in turkeys (0%, 8%, 16%, and 24%) did not have a positive effect on feed intake and body weight gain. A linear increase (P ≤ 0.001) in the concentrations of polyunsaturated fatty acids was noted in meat from turkeys fed with lupin-based diets; this did not change the n-6/n-3 PUFA ratio, but improved the values of the atherogenic and thrombogenic indices (Krawczyk et al. 2015) . Zdunczyk et al. (2014) study growth performance, gastrointestinal function and meat quality in growing-finishing turkeys fed diets with different levels (6, 12 and 18%) of yellow lupin (L. luteus) seeds meal (YLM). In the first phase of feeding YLM decrease feed intake and body weight gain linearly due to significant deterioration in the feed conversion ratio. An opposite trend was noted in the second phase of feeding. Body weight gain increased and feed conversion ratio improved significantly.
The effects of dietary replacement of soybean meal (SBM) with blue lupin meal (BLM) on the gastrointestinal tract (GIT) function, growth performance and meat quality in growing-finishing turkeys (13-18 weeks of age) were studied by Mikulski et al. (2014) . In experimental diets SBM was replaced with BLM at 60, 120, and 180 g/kg. The increasing dietary inclusion levels of BLM caused a linear increase in feed intake and body weight gain (BWG), but they did not affect FCR and the mortality rates of turkeys. Feed intake and BWG were significantly higher in group L 180 than in the control group. The highest BLM inclusion level had no adverse effect on enzyme activities in the GIT contents and short-chain fatty acid concentrations. No significant differences were found in carcass quality or the pH and colour intensity of breast meat.
